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1  | INTRODUC TION

Nonalcoholic fatty liver disease (NAFLD) is characterized by the 
presence of ectopic fat deposition within the liver not attributable 
to alcohol or secondary causes of hepatic steatosis.1 NAFLD, as the 
aetiology of chronic liver disease, has increased rapidly over the 
past three decades in the United States and is now the most com-
mon cause of chronic liver disease accounting for nearly 75% of all 
chronic liver diseases and affecting nearly one in three individuals.2,3 

NAFLD is commonly associated with obesity, type 2 diabetes mel-
litus, hyperlipidemia, and hypertension4-6 and is considered the 
hepatic manifestation of metabolic syndrome.7 NAFLD comprises 
a histological spectrum of nonalcoholic fatty liver (NAFL) charac-
terized by the presence of hepatic steatosis with none or minimal 
inflammation to nonalcoholic steatohepatitis (NASH), which is char-
acterized by lobular inflammation, ballooning and varying degrees of 
hepatic fibrosis.8 Serum liver enzymes, which are often the first clini-
cal clue to presence of liver disease, can be normal or mildly elevated 
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is the most common cause of chronically 
elevated liver enzymes. Diagnosis and risk stratification of NAFLD remains clinically 
challenge as patients with NAFLD are either asymptomatic or have nonspecific pre-
senting complaints and may have normal liver enzymes. Nonalcoholic steatohepatitis 
(NASH), the clinically aggressive variant of NAFLD, is also difficult to differentiate 
noninvasively, and a liver biopsy is required to definitively diagnose NASH. Thus, 
the definitive diagnosis and risk stratification of NAFLD is embedded in histological 
assessment of the liver. Several clinical aides been investigated in an attempt to risk 
stratify and identify patients noninvasively as doing a liver biopsy in all patients with 
NAFLD are not feasible. Since these biomarkers are unable to differentiate NASH 
from non-NASH, they have leveraged biochemical changes within the liver as pa-
tients progress to varying degree of hepatic fibrosis to identify patients with mod-
erate fibrosis (fibrosis stage 2 or greater) and advanced fibrosis (fibrosis stage 3 or 
greater) to help guide the need for additional and more definitive workup. These 
clinical aides span from by-products of apoptosis to statistical modelling of clinically 
available data to identify ‘at-risk’ patients with NAFLD. The current review will focus 
the diagnostic performance of these noninvasive serum-based biomarkers in NAFLD.
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in a majority of patients with NAFLD, therefore making it difficult to 
detect NAFLD, which has led to underdiagnosis of NAFLD.9,10 This, 
coupled with the lack of therapeutic options for NAFLD, has resulted 
in increased prevalence of cirrhosis and end-stage liver disease as-
sociated with NAFLD.11,12 Thus, there is great interest in risk stratifi-
cation of patients with NAFLD to optimize clinical care. The current 
review will focus on serum-based models and biomarkers validated 
in patients with NAFLD.

1.1 | Patients at risk

The distinction between NAFL and NASH is clinically important 
as patients with NASH are at higher risk for fibrosis progression, 
cirrhosis and hepatocellular carcinoma.13-15 Natural history stud-
ies of patients with biopsy-proven NAFLD have demonstrated 
decreased survival when compared to non-NASH patients.16,17 In 
addition to NASH, presence of advanced fibrosis has also been 
associated with increased risk of fibrosis progression to cirrho-
sis, death and need for liver transplantation (LT).18 Recent stud-
ies highlight the importance of even moderate fibrosis (ie fibrosis 
stage 2) as a key risk factor for liver-related outcomes, reduced 
survival and need for LT.19,20 The diagnosis of NASH and fibrosis 
quantification is anchored in a histological assessment of the liver 
and a liver biopsy.8 However, liver biopsy is limited by sampling 
variability, invasiveness, cost and complications, such as pain, 
bleeding and, in rare instances, death.21-23 Due to the widespread 
prevalence of NAFLD, liver biopsy is not practical approach to aid 
in risk stratification of all patients with NAFLD. This underscores 
the urgent need for noninvasive, point-of-care and cost-effective 
biomarkers to identify high-risk patients. The current review will 
focus on the diagnostic accuracy of noninvasive blood-based bio-
markers to predict presence of NASH (vs NAFL) and varying fibro-
sis stages.

1.1.1 | Hepatic steatosis

Presence of hepatic steatosis is the prerequisite for diagnosing 
NAFLD.24 Several serum-based biomarkers have been evaluated 
to predict presence of hepatic steatosis including SteatoTest, 
Fatty liver index (FLI), NAFLD liver fat score (NAFLD-LFS), vis-
ceral adiposity index (VAI), triglyceride × glucose (TyG) index and 
Hepatic steatosis index (HSI) (Table 1).25-31 These biomarkers 
have acceptable diagnostic performance for detecting hepatic 
steatosis.32 However, their ability to distinguish between steato-
sis grades is suboptimal.25-29,31 Furthermore, these models of he-
patic steatosis are unable to differentiate between the presence 
of NASH vs non-NASH.32 In a head-to-head comparison using 
liver biopsy as the reference standard, VAI outperformed other 
models with an AUROC of 0.92, sensitivity of 79%, specificity of 
92%, NPV 16% and PPV of 99%.32 Given their diagnostic per-
formance, the biomarkers may have a role for identifying hepatic 

steatosis in population-based studies but are unable to be used in 
clinical practice.

2  | NONINVA SIVE FIBROSIS MODEL

Noninvasive fibrosis models utilize readily available clinical and 
laboratory information in an attempt to noninvasively risk stratify 
patients with NAFLD. While not all of these models were exclu-
sively developed in NALFD, they have been extensively evaluated 
in NAFLD using histology as the reference standard.33-35 Most of 
these models are constructed to take advantage of the published 
literature demonstrating that older patients and those with diabe-
tes are at higher risk for fibrosis progression, and as patient progress 
to cirrhosis, they will have a decline in platelet count and rise in the 
serum AST to ALT ratio.20 Fibrosis 4 index (FIB-4), NAFLD fibro-
sis score (NFS), AST/platelet ratio index (APRI), AST/ALT ratio, and 
body mass index (BMI), aspartate aminotransferase (AST):alanine 
aminotransferase (ALT), diabetes (BARD) score are among the most 
common noninvasive fibrosis models studied (Table 2).36-41 The di-
agnostic accuracy for NASH, mild to severe fibrosis and cirrhosis 
among the most common noninvasive fibrosis models are discussed 
below.

2.1 | FIB-4

FIB-4 was developed to model liver fibrosis in HIV/HCV co-infection 
using platelet count (PLT), age, AST, and ALT36 and has been exten-
sively validated in NAFLD.33-35,42,43 The diagnostic performance of 
FIB-4 to identify varying degrees of hepatic fibrosis is variable and 
has the greatest accuracy in patients with advanced fibrosis or cir-
rhosis.33-34,42,43 In a multicentre cohort of 1904 patients, the diag-
nostic	accuracy	of	FIB-4	to	identify	any	fibrosis	(fibrosis	stage	≥	1)	
was moderate with AUROC of 0.72 with PPV of 87%.43 Its diagnostic 
accuracy	for	identifying	moderate	fibrosis	(F	≥	2-4)	was	similar	with	
AUROC of 0.73 and PPV of 70%; however, the diagnostic perfor-
mance of FIB-4 improved for identifying advanced with AUROC of 
0.80.43 It is important to note that while the PPV for FIB-4 is mar-
ginal, the NPV is high at 88%, thereby allowing for FIB-4 to be poten-
tially incorporated in clinical practice to ‘rule-out’ patients not at risk 
for significant disease.43 Since the PPV is modest, those with higher 
FIB-4 values require additional diagnostic workup to confirm these 
findings.44 The ability of FIB-4 to differentiate NASH vs non-NASH 
has also been evaluated in published literature and is suboptimal 
to be incorporated into clinical practice.33,45 Finally, FIB-4 value of 
2.67 or greater had a hazard ratio (HR) of 14.6 and 7 for liver-related 
events (progression to cirrhosis, hepatic decompensation or need for 
LT) and death, respectively.46

Recently, the diagnostic performance of FIB-4 to predict fibrosis 
progression was evaluated in the NASH-CRN cohort of patients with 
longitudinal biopsy.43 In patients with nonadvanced fibrosis at base-
line, FIB-4 had an AUROC of 0.81 and NPV of 97% for predicting 
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progression to advanced fibrosis even while accounting for age, BMI, 
hypertension, dyslipidemia and hypertension. Thus, delta FIB-4 can 
be used in clinical practice to identify potential patients at risk for 
fibrosis progress, in whom additional confirmatory testing might be 
necessary to optimize clinical care.

2.2 | NAFLD fibrosis score

The NFS incorporates patient's age, history of diabetes, weight, plate-
let count, albumin and AST/ALT ratio to identify NAFLD patients with 
advanced fibrosis.37 Similar to FIB-4, the diagnostic performance of 
NFS in patients with minimal fibrosis and moderate fibrosis is sub-
optimal. The AUROC, sensitivity, specificity, NPV and PPV for NFS 
are 0.69, 64%, 66%, 85% and 37% for predicting any fibrosis (fibrosis 
stage	≥	1)	and	0.73,	57%,	77%,	70%	and	67%	in	moderate	fibrosis	(fi-
brosis	stage	≥	2),	respectively.43 The performance of NFS to identify 
patients with advanced fibrosis improves with an AUROC of 0.78, sen-
sitivity of 70%, specificity of 74%, PPV of 51% and NPV of 86%, thus 
yielding an accurate test for excluding advanced fibrosis and dichoto-
mizing patients for further investigation.43 Similar to FIB-4, NFS can 
also detect change in hepatic fibrosis with an AUROC of 0.80 and PPV 

and NPV of 39% and 95%, respectively.43 Finally, NFS is unable to dif-
ferentiate between patients with NASH vs non-NASH.

The NFS ability to predict clinically relevant outcomes including 
death, need for LT and hepatic decompensation has been investi-
gated previously.46-48 In a cohort of 320 patients, an elevated NFS 
had an AUROC of 0.86 and 0.70 to predict liver-related events and 
death/LT, respectively.46 Importantly, the HR for liver events in inter-
mediate	(score	between	−	1.455	and	0.676)	and	high	(score	>	0.676)	
NFS risk categories was 7.7 and 34.2, respectively. The HR for mor-
tality in intermediate and high risk was 4.2 and 9.8, respectively.46 
These findings regarding NFS ability to predict all-cause mortality 
were confirmed in a cohort of Chinese population.47 Similarly, a 
meta-analysis by Salomone et al48 correlated NAFLD patients with 
NFS	>	0.676	a	four-fold	higher	risk	of	death.

2.3 | BARD score

The BARD score models hepatic fibrosis using BMI, AST/ALT, and 
presence of diabetes.38 In the initial study, the reported AUROC 
was 0.81 for predicting presence of advanced fibrosis with PPV 
and NPV of 43% and 96%, respectively.38 However, BARD is 

Steatosis model Formula

Fatty liver index25 (e0.953 × loge (triglycerides) + 0.139*BMI + 0.718 × loge 

(ggt)	+	0.053	×	waist	circumference	−	15.745)/(1 + e0.953 × loge 

(triglycerides) + 0.139 × BMI + 0.718 × loge (ggt) + 0.053 × waist 

circumference	−	15.745) × 100

NAFLD liver fat score26 −2.89	+	1.18	×	metabolic	syndrome	
(yes = 1/no = 0) + 0.45 × type 2 diabetes 
(yes = 2/no = 0) + 0.15 × insulin 
(mU/L)	+	0.04	×	AST(U/L)	−	0.94	×	AST/ALT

Visceral adiposity index30 Male: 
[WC/39.68 + (1.88 × BMI)] × (triglycerides/1.03) × (1.31/
HDL

Female: 
[WC/36.58 + (1.89 × BMI) × (triglycerides/0.81) × (1.52/
HDL)

Triglyceride/glucose index28 Log (fasting triglycerides [mg/dL] × fasting glucose [mg/dL]/2)

Hepatic steatosis index29 8 × ALT/AST + BMI (+2, if type 2 diabetes; +2, if female)

TA B L E  1   Noninvasive steatosis 
biomarkers

Fibrosis model Formula

FIB-436 (Age × AST)/(Platelets × log [ALT])

NAFLD fibrosis 
score37

−1.675	+	(0.037	×	age	[y])	+	(0.094	×	BMI	[kg/m2]) + (1.13 × IFG/diabetes 
[yes	=	1,	no	=	0])	+	(0.99	×	AST/ALT	ratio)	−	(0.013	×	platelet	count	
[×109/L])	−	(0.66	×	albumin	[g/dL])

BARD38 BMI	≥	28:	No	=	0,	Yes	=	1;	AST/ALT	ratio:	≥0.8	No	=	0,	Yes	=	2;	and	
Diabetes:	No	=	0,	Yes	=	1

AST/ALT ratio39 AST in IU/L)/(ALT in IU/L)

BAAT40 AST/ALT	ratio:	≥0.8	=	2	points;	a	BMI:	≥28	=	1	point;	and	the	presence	of	
diabetes: 1 point

APRI41 (AST in IU/L)/(AST Upper Limit of Normal in IU/L)/(Platelets in 109/L)

TA B L E  2   Noninvasive fibrosis model
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limited by an ordinal scoring system which presents expected chal-
lenges when determining optimal cut-off values to identify the 
at-risk population.49 BARD diagnostic performance of identify-
ing presence of any and moderate fibrosis is low with AUROC of 
0.67 and 0.69, respectively.42 Furthermore, its NPV and PPV for 
patients with any fibrosis is also low (PPV 80% and NPV 43%) mak-
ing it less useful clinically. The diagnostic performance for predict-
ing the presence of advanced fibrosis is better than lower fibrosis 
stages prediction; however, it is less accurate when compared to 
other noninvasive fibrosis scores (ie NFS and FIB-4) with a sensi-
tivity and NPV of 39% and 73%, respectively.42 The performance 
of BARD in predicting fibrosis progression is unknown. Similar to 
other noninvasive fibrosis models, BARD is unable to distinguish 
between patients with NASH vs non-NASH.42 The ability of BARD 
score to predict future clinically relevant outcomes is less than 
that of NFS and APRI, with an AUROC of just 0.73 for liver-related 
events and 0.66 for mortality or LT.46 The overall performance of 
BARD is substandard to both FIB-4 and NFS, thus favouring limited 
use in clinical practice.

2.4 | AST/ALT ratio

The AST/ALT ratio was developed to predict liver fibrosis in pa-
tients with chronic HCV infection by exploring the variation in 
liver enzymes from liver injury and was subsequently validated in 
NAFLD.39,50 In a multicentre cohort of patients with histologically 
confirmed NAFLD, the diagnostic performance of AST/ALT ratio to 
predict presence of any fibrosis was marginal with AUROC 0.59, sen-
sitivity of 38%, specificity of 76%, PPV of 83% and NPV of 28%.43 
The diagnostic performance improved slightly when identifying ad-
vanced fibrosis with an AUROC of 0.68, sensitivity of 54%, specific-
ity 73%, PPV of 44% and NPV of 80%.43 Since the performance of 
AST/ALT ratio is dependent on the premise of elevated aminotrans-
ferase and reversal of serum ALT to AST concentrations, it may not 
be as accurate in patients with less advanced disease. As a result, its 
isolated use is less prevalent and the ratio itself has been incorpo-
rated as part of other noninvasive fibrosis panel, such as FIB-4 and 
NFS, and the omics approach.36-37,51 The AST to ALT ratio can detect 
progression to advanced fibrosis, although inferior to APRI, FIB-4 
and NFS model score, with an a AUROC of 0.68, sensitivity of 71%, 
specificity of 76%, PPV of 36% and NPV of 93%.43 The AST/ALT ra-
tio's ability to differentiate between NASH vs non-NASH is subopti-
mal as it is with other noninvasive models.26 Furthermore, the ability 
of AST/ALT ratio to predict future risk of hepatic decompensation, 
death or need for LT remains unknown.

2.5 | BAAT score

The BMI, age, ALT, triglyceride (BAAT) score is a noninvasive model 
that was developed in overweight patients to identify at-risk pa-
tients with NAFLD.40 Similar to BARD score, the clinical utility of 

BAAT score is limited by its ordinal scoring system. The diagnostic 
performance of BAAT in patients with any fibrosis is limited with 
an AUROC, sensitivity, specificity, PPV and NPV of 0.67, 90%, 35%, 
78% and 60%, respectively.40 Furthermore, in advanced fibrosis or 
cirrhosis the AUROC was 0.62; however, the sensitivity and NPV 
were 95% and 90%, respectively, making it an appropriate fibrosis 
model for advanced fibrosis and cirrhosis. In a head-to-head com-
parison with other noninvasive fibrosis model, BAAT score was infe-
rior to other noninvasive models underscoring the limited increase in 
serum aminotransferases and lack of reciprocation of AST changes 
in patients with NAFLD.42 BAAT is also not able to differentiate 
between patients with and without NASH.42 The performance of 
BAAT in predicting fibrosis progression and clinically significant out-
comes is unknown.

2.6 | APRI

The APRI was developed to predict liver cirrhosis in chronic HCV 
patients leveraging that progression to cirrhosis and development 
of cirrhosis is associated with a decline in platelet count and an in-
crease in serum AST levels.41 Since its inception, APRI has been vali-
dated extensively in patients with NAFLD.33,42,52,53 Similar to other 
noninvasive fibrosis models, APRI is unable to differentiate between 
NASH and non-NASH.42 The diagnostic accuracy of APRI for de-
tecting any fibrosis is limited with an AUROC 0.75, sensitivity 63%, 
specificity 76%, PPV 89% and NPV of 40%.43 Similarly, its diagnostic 
accuracy limitation is also present for detecting moderate fibrosis 
with an AUROC of 0.73, sensitivity of 65%, specificity of 71%, PPV 
of 67% and NPV of 69%. The diagnostic accuracy of APRI improves 
in patients with advanced fibrosis and cirrhosis with AUROC of 0.76 
and sensitivity, specificity, PPV and NPV of 75%, 65%, 46% and 87%, 
respectively.43 Although the diagnostic accuracy of APRI is superior 
to BAAT, BARD and AST/ALT ratio for detecting advanced fibrosis, 
it is inferior to that of FIB-4 and NFS in a head-to-head comparison. 
APRI ability to detect fibrosis progression to advance fibrosis was 
recently established and predicts it with an AUROC of 0.82 with PPV 
of 34% and NPV of 97%.43 Similar to FIB-4, delta APRI can be used 
in clinical practice to identify risk for fibrosis progression. Finally, 
the HR of APRI to predict liver-related events and death in high-risk 
patient was 20.9 and 3.1, respectively.46

3  | BLOOD -BA SED BIOMARKERS

3.1 | Enhanced liver fibrosis test

The enhanced liver fibrosis (ELF) test is a panel that measures by-
products of the fibrotic process that include tissue inhibitor of ma-
trix metalloproteinase 1 (TIMP1), hyaluronic acid and aminoterminal 
peptide of pro-collagen III (PIIINP).54 In a multicentre cohort of 196 
patients, ELF predicted presence of any fibrosis with an AUROC of 
0.76 and limited sensitivity, specificity, PPV and NPV of 61%, 80%, 
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81% and 79%, respectively. The diagnostic accuracy in moderate 
fibrosis and severe fibrosis or cirrhosis improved with an AUROC 
of 0.82 and 0.90, respectively.55 ELF test performance in moderate 
fibrosis had a sensitivity of 70%, specificity of 80%, PPV of 70% and 
NPV of 80%.55 Furthermore, its performance in advanced fibrosis 
or cirrhosis improved with a sensitivity, specificity, PPV and NPV of 
80%, 90%, 71% and 94%, respectively.55 The diagnostic accuracy 
and overall performance of ELF in moderate and advanced fibrosis 
can be improved by supplementing it with clinical and laboratory in-
formation.55,56 The combined panel's ability to detect moderate fi-
brosis improved with AUROC of 0.93, sensitivity of 89%, specificity 
of 86%, and NPV and PPV of 94% and 75%, respectively.55 Its per-
formance in severe fibrosis or cirrhosis was also better, yielding an 
AUROC of 0.98, sensitivity of 91%, specificity of 96%, NPV of 77% 
and PPV of 99%; however, further validation is needed.55 Overall, 
the ELF test can predict clinical outcomes in patients with chronic 
liver disease but the data specifically to patients with NAFLD are 
unknown.57 Moreover, its performance in identifying fibrosis pro-
gression remains unknown. ELF, similarly to most noninvasive fibro-
sis models test, has adequate performance in advanced fibrosis or 
cirrhosis and can be utilized for excluding advanced NAFLD.

3.2 | Cytokeratin-18

Cytokeratins are keratin-containing proteins that comprise the 
structure of cytoskeletons of hepatocytes.58 During apoptosis, cir-
culating keratin 18 (CK18) is cleaved and generate detectable frag-
ments with immunoassays, echoing liver injury in NAFLD.59-61 CK-18 
fragments can be measured using either the M30 or M65 kit. The 
M30 kit measures caspase-cleaved CK18 produced during apopto-
sis, while the M65 kit measures the levels of both caspase-cleaved 
and intact CK18.62,63 In a multicentre study, CK-18 fragments meas-
ured by M30 ELISA kit had moderate performance in differentiat-
ing NASH from non-NASH with AUROC of 0.83, specificity of 92% 
and sensitivity of 65%.64 These findings were further validated in a 
meta-analysis where CK18 fragments, measured by M30 ELISA kit, 
predicted NASH with a 60%-88% sensitivity, 66%-97% specificity 
and AUROC 0.70-0.87.65 Similar diagnostic accuracy has been re-
ported with M65 testing of CK-18 for detection of NASH.66	Yet,	only	
changes measured with M65 have been shown to detect mild fibro-
sis and predicting both NASH and fibrosis progression.67 In a recent 
meta-analysis, the diagnostic accuracy of CK-18 to detect NASH was 
suboptimal with a pooled AUROC of 0.65.68 To improve the diagnos-
tic accuracy of CK-18 in NASH, it has been combined with other bio-
markers including ALT, platelets and triglycerides; adiponectin; and 
soluble Fas, with the latter providing the best diagnostic accuracy 
and overall performance with an AUROC of 0.93, sensitivity of 88%, 
specificity of 89%, PPV of 86% and NPV of 91%.69-71 Most recently, 
CK-18 fragment level was combined with FIB-4 fibrosis model to 
yield a new scoring system with the accuracy and flexibility of pre-
dicting both NASH and presence of liver fibrosis.72 Further valida-
tion of these combined panels is required.

3.3 | Omics approach

The omics approach in NAFLD utilizes blood biomarkers that stems 
from genomics, transcriptomics, epigenomics, proteomics, lipid-
omics, and metabolomics and identify liver fibrosis by analysing 
patient's genetic expression, RNA transcripts production, genetic 
modification, change in protein production, fatty acid derivatives 
and body metabolism, respectively.73,74 Type III procollagen (PRO-
C3), FibroTest® (FT), Hepascore and Fibrometer are among the most 
common panels derived from the omics approach. The diagnostic 
accuracy of the most common omics approach panels in NAFLD is 
discussed below.

3.4 | Type III procollagen

The PRO-C3 is a derived fragment of type III collagen liver depo-
sition cleavage.75 Its utility in NAFLD has mostly been shown in 
patients with advanced fibrosis. In a recent multicentre cohort of 
449 patients with biopsy-proven NAFLD, PRO-C3 had an AUROC 
of 0.73 and sensitivity and specificity of 60% and 74%, respectively, 
for predicting presence of advanced fibrosis.76 PRO-C3 has been 
incorporated with clinical or serological markers to improve its per-
formance.76,77 FIBC3 is a combined panel, based on PRO-C3, age, 
BMI, diabetes type 2 and platelet count, that has been tested with 
improved overall performance with an AUROC of 0.89, sensitivity of 
83%, specificity of 80%, PPV of 74% and NPV of 88% in advanced 
liver fibrosis.76 PRO-C3 performance for predicting fibrosis progres-
sion has been validated on other advanced liver disease but its role 
in NAFLD is unknown.78,79

3.5 | Age, diabetes, PRO-C3 and platelet count

The age, diabetes, PRO-C3 and platelet count (ADAPT) score is PRO-
C3 based algorithm that additionally incorporates clinical and meta-
bolic parameters associated with liver disease.80 (Daniels, ADAPT) 
Similarly to PRO-C3, its applicability in NAFLD is identifying patients 
with advanced fibrosis. In a multicentre cohort of 431 patients with 
biopsy-proven NAFLD, the diagnostic accuracy of ADAPT was found 
to be superior to APRI, FIB-4 and NFS noninvasive fibrosis models 
with an AUROC of 0.86 and a PPV and NPV of 48% and 97%, respec-
tively.80 ADAPT performance in identifying NAFLD fibrosis progres-
sion is unknown.

3.6 | FibroTest®

The FT is a test based on α2-macroglobulin, apolipoprotein A1, 
haptoglobin, total bilirubin and γ-glutamyl transpeptidase (GGT) to 
predict fibrosis.81 Multiple cohort studies have validated FT perfor-
mance in NAFLD population.82-84 In initial study, its performance in 
F	≥	2	fibrosis	yielded	an	AUROC	of	0.86	and	sensitivity	and	NPV	of	
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77% and 90%, respectively.40 Furthermore, its diagnostic accuracy 
in advanced fibrosis improved with AUROC, sensitivity and NPV of 
0.92, 92% and 98%, respectively.40 FT fibrosis model may have a role 
in assessing liver fibrosis progression; however, further validation is 
required.85

3.7 | Hepascore

The Hepascore is a serum-based model that was developed to pre-
dict fibrosis severity in chronic liver disease.86 This panel incorpo-
rates clinical variables, such as age and gender, and serum biomarkers 
including bilirubin, GGT, hyaluronic acid and α2-macroglobulin.86 In a 
cohort of 242 subjects with NAFLD, Hepascore diagnostic accuracy 
for moderate fibrosis was marginal with an AUROC of 0.73 in com-
parison to advanced fibrosis (AUROC of 0.80) or cirrhosis (AUROC 
of 0.86).35 Furthermore, the sensitivity, specificity, PPV and NPV 
of Hepascore in advanced fibrosis was 76%, 84%, 57% and 92%, 
respectively.35 Hepascore performance in predicting liver-related 
mortality and morbidity has been validated in other chronic liver dis-
ease but its role in NAFLD is unknown.87 Finally, as in other omics 
derived fibrosis tests, Hepascore performance in fibrosis progres-
sion is unknown.

3.8 | FibroMeter

FibroMeter is a serum-based panel that integrates glucose, AST, 
ALT, ferritin, platelet, body weight and age to predict fibrosis in 
NAFLD patients.51 In a cohort of 235 patients, FibroMeter di-
agnostic accuracy was high in identifying significant (AUROC of 
0.94). Furthermore, its sensitivity, specificity, PPV and NPV was 
79%, 96%, 88% and 92%, respectively. The overall diagnostic per-
formance of FibroMeter is high and may have a role in both the 
screening and diagnosing of fibrosis. However, FibroMeter ap-
pears to be limited by its inability to differentiate between the 
degrees of fibrosis. Thus, further study validating FibroMeter is 
required.88 Lastly, its role for predicting long-term outcome or fi-
brosis progression is unknown.

3.8.1 | Vibration-controlled transient elastography

Vibration-controlled transient elastography (VCTE) is a noninvasive 
biomarker that utilizes shear wave speed across the liver to derive its 
stiffness and thus hepatic fibrosis.89 Similar to noninvasive models 
and blood-based biomarkers, VCTE performance has been validated 
in accurately distinguishing advanced from early fibrosis in several 
multicenter cohort's studies.90-94 In a recent prospective cohort 
study of 393 patients with biopsy-proven NAFLD, VCTE performed 
with a sensitivity of 90% and 90% and NPV of 91% and 99% at ex-
cluding advance fibrosis and cirrhosis, respectively. Furthermore, 
VCTE diagnostic accuracy was high with an AUROC of 0.83.90 In a 

head-to-head comparison to the most validated noninvasive models, 
VCTE outperformed APRI, FIB4, BARD and NFS at excluding ad-
vanced fibrosis with similar performance as mentioned above.92,95 
Nevertheless, noninvasive models are a simple and more accessible 
tools to primary health provider that can easily be extracted from 
readily available clinical and laboratory information and accurately 
exclude advanced fibrosis and cirrhosis.

4  | CONCLUSION

In summary, noninvasive fibrosis models, blood-based biomarkers 
and combined panels derived from omics approach can potentially be 
used in clinical practice as point-of-care test to risk stratify patients 
with NAFLD. Noninvasive diagnostic tools, in particular FIB-4 and 
NFS, are great screening tools that can accurately exclude advanced 
fibrosis and cirrhosis, predict fibrosis, and dichotomize patient for 
further workup with readily available clinical and laboratory informa-
tion without additional cost. Further testing and validation is required 
before considering these fibrosis models as the standard of care in 
primary care to impact referral and additional diagnostic workup.
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